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Abstract 
Quantification of the atmospheric impact of carbonyl compounds requires knowledge of their 
removal processes in the atmosphere and their photophysical properties. In this respect, this paper focuses 
firstly on a laboratory study of the chemical removal process of acetone, the smallest ketone, with OH 
radicals at 295K using a newly constructed technique in our laboratory. The obtained result is discussed 
in term of the structure effect and is compared with the literature. The atmospheric implications are then 
discussed for four selected ketones including acetone in terms of tropospheric lifetimes due to their 
degradation by chemical reactions and by photolysis. Finally, fluorescence measurements of ketones by 
using the LIF technique are briefly discussed in terms of the temperature and pressure fluorescence 
dependence.   
© 2011 Published by Elsevier Ltd.  
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1. Introduction 
Carbonyl compounds play an important role in atmospheric chemistry and in urban air pollution [1]. 
They are the main oxidation products of gas-phase organic compounds in the atmosphere and represent a 
significant fraction of the atmospheric organic matter. These species are sources of free radicals and 
constitute important intermediates in aerosol formation in urban areas. Moreover, they contribute to ozone 
formation in the troposphere as well as to peroxyacyl nitrates and peroxy carboxylic acids formation 
which affect both human health and plant growth [2]. In rural and forested areas, vegetation has been 
found to be a significant source for carbonyl compounds which are emitted from a variety of arboreous 
plants, shrubs, herbaceous plants and mosses. In addition to natural sources, carbonyl compounds are 
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directly emitted into the troposphere from anthropogenic sources such as vehicular exhaust especially 
from the vehicles working with oxygenated fuels, industrial production and domestic heating. In addition, 
carbonyls are formed as major reaction products in the atmospheric oxidation of unsaturated 
hydrocarbons and other volatile organic compounds (VOCs) [1]. Some of these species are toxic, 
mutagenic, and even carcinogenic to human body [1]. 
 Ketones represent an important class of carbonyl compounds that have received abundant attention. 
They are generally stable enough to be transported and yet photochemically reactive enough to produce 
free radicals. Since the primary environmental impact of these compounds is the formation of ozone and 
free radicals, the knowledge of their atmospheric fate is necessary. In this respect, this paper focuses 
firstly on a laboratory study of the reaction of acetone with OH at 295K as an example of the atmospheric 
chemical processes involving ketones.  
Other removal processes for acetone including photolysis are briefly presented where the UV spectra 
of four selected ketones are displayed. So the atmospheric implications are discussed in terms of 
tropospheric lifetimes and the contribution of each process in the atmospheric removal of the selected 
ketones.  
Finally, since tracers from the ketone family in the gas phase are widely used in laser diagnostics, in 
this paper we present briefly the temperature, pressure-, and mixture-dependence of the laser-induced 
fluorescence strength of acetone widely used in combustion sciences [3].  
2. Kinetic studies 
Acetone (CH3C(O)CH3) as the smallest ketone, is among the most oxygenated volatile organic 
compounds in the atmosphere. It is primarily emitted by fossil fuel combustion, biomass burning, 
industrial processes and by biogenic sources and is widely used as solvent in industry. In addition, 
acetone is a secondary product in the atmosphere from the oxidation of anthropogenic isoalkanes. 
European concentrations of acetone range from 0.7 ppbV at a high-Alpine site to several ppbV in the 
Mediterranean [4]. Acetone is lost by photolysis (45–64%), through reaction with OH radicals (24–30%) 
and by ocean uptake and dry deposition [5]. Measurement of the rate coefficient for reaction of acetone 
with OH is used here as an example of reactions involving aliphatic ketones. The present study was 
carried out at 295 K and 20 Torr using an absolute rate technique, newly constructed in our laboratory. 
2.1. Experimental Section 
The present study was investigated using the Pulsed Laser Photolysis-Laser Induced Fluorescence 
(PLP-LIF) technique. As shown in Figure 1, the experimental set-up is composed of three main parts: the 
gaz handling system, the generation of OH radicals system and the detection system. The reactor is a 
triple layers pyrex cell. The first two layers have vacuum between them to isolate the whole system from 
its surroundings. The layer afterwards houses the cryogenic fluid chosen to be Ethanol which is controlled 
by a Cryostat (liquid handling apparatus) and used for studies at low temperatures. The OH radicals were 
generated by the PLP technique by using a quadrupled Nd: YAG laser (Continuum Surelite) emitting at 
10 Hz repetition rate. After being steered by means of dichroic mirrors, the emitted beam at 266 nm 
passed through the cell to photolyse H2O2 and thus to generate OH. The concentration of the OH radicals 
was estimated according to the following relation:  
[OH] = n photons FL [H2O2]        (1) 
where n photons is the number of photons, FL is the energy fluence of the photolysis laser (mJ.cm-2),                   
 is the cross-section of H2O2 at 266 nm= 4,2 10
-20 cm2 molecule-1, =2 is the quantum yield of the 
photodissociation of H2O2 at 266 nm and [H2O2] is the concentration of H2O2 introduced into the reactor.  
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Acetone and H2O2 were introduced into the cell by a small flow of Helium which passed through glass 
bubblers containing acetone and H2O2 respectively and connected to pressure gauges MKS 1000 Torr. All 
flow rates were measured with calibrated mass flowmeters. The gas mixture containing acetone, H2O2 and 
the bath gas (He) was flowed through the cell with a linear velocity ranging between 1 and 4 cm s-1.  The 
pressure in the cell was measured using capacitance manometers MKS 100 Torr.  
The determination of the rate coefficient for the reaction of acetone with OH radicals requires the 
recording of OH fluorescence signal by using the LIF technique. For this purpose, a Nd:YAG-pumped 
frequency doubled dye laser was used to excite the OH radicals at 281.99 nm. In fact, a 532 nm Yag beam 
(Spectron Laser) was aligned and centred to enter the dye laser (Spectron Laser) in order to generate a 
563.98 nm beam measured by a calibrated wavelength meter. After that, this beam passed through a UV 
harmonic generator to produce the probe beam which is a blue ultra-violet doubled beam at 281.99 nm. 
This probe laser passed directly through the cell after being steered by aluminium mirrors to excite the 
OH radicals. Fluorescence was detected by a photomutiplier tube PMT fitted with a 310 nm narrow band-
pass filter. The laser energies were measured by calibrated power meters. The output pulse from the PMT 
was integrated for a preset period by a gated charge integrator. Typically 5-7 fluorescence signals were 
averaged to generate OH concentration-time profiles over at least three lifetimes. All experiments were 
carried out under pseudo-first-order conditions with [acetone] >> [OH]0, the initial concentration of OH 
being [OH]0 < 2  1013 molecules cm-3. The temporal profiles of [OH], therefore, followed the pseudo-
first-order rate law:   
tk
t
firsteOHOH 0][][
         (2) 
 with  
0kacetonekk first         (3) 
where the subscripts 0 and t indicate the concentrations at the initial time and at time t, respectively. t is 
the delay time (in μs) between the photolysis and the probe beams controlled by means of a delay 
generator. kfirst refers to the first order rate coefficient, k to the rate coefficient for the reaction of OH with 
acetone, [acetone] to the acetone concentration, and k0 to the decay rate in the absence of acetone due to 
the reaction of OH with H2O2 and the diffusion rate of OH. The concentrations of acetone were in the 
range (0.1-9.8) 1015molecule.cm-3. The Helium carrier gas (> 99.99 %, Air liquide) was used without 
purification. The 50 wt % H2O2 solution obtained from Sigma Aldrich was concentrated by bubbling 
helium through the solution to remove water for several days prior to use and constantly during the course 
of the experiments. The used concentration was about 65 % measured by titration with Potassium 
permanganate solution. Acetone (>99.5%) was from Sigma Aldrich, it was further purified by repeated 
freeze, pump, and thaw cycles before use.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Experimental set up 
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2.2. Results and discussion 
Kinetic decays were observed by recording the variation in the LIF signal as a function of the time 
delay between the pulses from the photolysis and probe lasers (Figure 2a). These tracers of LIF signal 
versus time were fitted to single exponential functions leading to the extraction of pseudo first order rate 
coefficients related to the rate of loss of OH radicals. The second-order rate coefficient is obtained as the 
slope of least-squares fits of these data, according to equation (3) as shown in Figure 2b. In order to avoid 
secondary reactions due to the photodissociation of acetone at 266 nm, a limited range of acetone 
concentration was used. The uncertainty on the second-order rate coefficient origins from statistical errors 
due to the extraction of kfirst and from systematic errors mainly due to the measurement of the acetone 
concentration. This uncertainty is found to not exceed 20 %. 
 
 
 
.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. (a) Kinetic decays as a function of the time delay between the pulses from the photolysis and probe lasers; (b) the pseudo- 
first-order decay rates as a function of acetone concentration 
 
Comparison with previous results: The rate coefficient for reaction of OH with acetone has been the 
subject of several previous investigations (Table 1). The value obtained in this work ((1.68 ± 0.30) 10¯13 
cm3molecule-1s-1) is in good agreement with the recommended value (1.8 10¯13 cm3molecule-1s-) [6] 
found in the literature with a discrepancy of about 7%.  
 
The reaction exhibits positive temperature dependence above 200 K whereas the rate coefficient 
increases as the temperature is lowered from room temperature to 86 K as noticed by Shannon et al, 2010 
[7]. 
 
Products of this reaction have been investigated in previous studies, with complementary results 
showing different reactions pathways leading mainly to the formation of CH
3 
and CH
3
C(O)CH
2 radicals 
[6]. The results of these product studies and the lack of pressure dependence indicate that the reaction 
proceeds by H-atom abstraction [6].   
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Table 1. Rate coefficients for the reaction of OH and Cl with acetone determined using different techniques  
 
 
Structure effet: The effect of the Hydroxyl group on the reactivity is discussed here where the reactivity 
of OH with acetone is compared to that with Hydroxyacetone (HOCH2CO-CH3). This compound is 
known as a second-generation product of the photooxidation of isoprene [13], the most important 
biogenically emitted non methane hydrocarbon. In common with other carbonyl compounds, the most 
important atmospheric sinks of Hydroxyacetone are reaction with OH and/or photolysis. The tropospheric 
removal of Hydroxyacetone with OH radicals has been investigated at different temperatures (Table 2). 
Theoretical calculations show that the reaction of Hydroxyacetone with OH proceeds through pre-reactive 
hydrogen-bonded complexes, and that abstraction from the –CH2OH group is the dominant channel. The 
rate of abstraction is significantly enhanced compared to acetone by a lowering of the barrier to 
abstraction by over 1.5 kcal mol-1 due to the hydroxyl substituent which is confirmed by the experimental 
investigations [6, 14]. 
 
 
Table 2. Rate coefficients for the reaction of OH with Hydroxyacetone determined using different techniques 
 
 
 
Other removal processes by chemical reactions and photolysis: Halogen atoms play a significant role in 
gas-phase degradation of VOCs in marine masses where the maximum predicted Cl atom levels occur 
shortly after sunrise, peaking at 1.3 105 atoms cm-3 [8]. The reaction of acetone with Cl has been 
investigated in previous studies (Table 1) and a rate coefficient of 2.1 10-12 cm3 molecule-1 s-1 at 298 K is 
recommended [6].   
 
The rate coefficients of the reactions of acetone with NO3 radicals and O3 have been measured by 
references [17] and [18] respectively. An upper limit to 3  10-17 cm3 molecule-1 s-1 at 298 K and a value 
of 1.44  10-17 cm3 molecule-1 s-1 at 287 K are recommended for the reactions with NO3 and O3 
respectively. The values show that these reactions are of no importance in the troposphere for acetone and 
this is also likely to be the case for ketones in general. 
 
 As these processes have been widely explored by kineticists, only typical data are indicated in Table 1 and much more references 
are available on online databases : NIST, IUPAC Subcommittee for Gas Kinetic Data Evaluation. 
k/cm3 molecule-1 s-1 Temp/K Reference Technique 
OH+ CH3COCH3  products    
8.8  10-12 exp[-(1320 ± 163)/T]+                      
1.7 x 10-14 exp[(423 ± 109)/T] 202-395 Wollenhaupt et al., 2000 [9] PLP-LIF/RF 
1.38  10-13 + 3.86 10-11exp[-1997/T] 199-383 Gierczak et al., 2003 [10] PLP-LIF/DF-CIMS 
(1.68 ± 0.30)  10-13 295 This work PLP-LIF 
Cl+ CH3COCH3  products    
(2.20 ± 0.14)  10-12 298 Martinez et al., 2004 [11] DF-MS 
1.53  10-11exp[(-594± 33/T] 210-440 Zhao et al., 2008 [12] LP-RF 
k/cm3 molecule-1 s-1  Temp./K Reference Technique 
(2.8 ± 0.2)  10-12 298 Chowdhury el al., 2002 [16] PLP-LIF 
2.15  10-12exp[(305± 10/T] 233-363 Dillon et al., 2006 [14] PLP-LIF 
(3.17 ± 0.22)  10-12 298 Butkovskaya et al., 2006 [15] DF-CIMS 
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It is well known that organic molecules containing one or more carbonyl groups absorb in the UV-
visible spectral range between 200 and 500 nm. Hence the atmospheric fate of these molecules is greatly 
affected by photolytic processes. The evaluation of the photolysis contribution in their atmospheric 
removal requires the knowledge of their UV-visible spectra and photolysis rates. In this respect, UV 
absorption cross-sections spectra reported in the literature are presented here for four selected ketones 
including acetone (CH3C(O)CH3), 2-butanone (CH3C(O)C2H5), hydroxyacetone (CH3C(O)CH2OH) and 
3-hydroxy 2-butanone (CH3C(O)CH(OH)CH3), in the wavelength range 200-340 nm. The measurements 
of UV cross-sections of acetone, 2 butanone, hydroxyacetone have been the subject of several studies 
[15,19-23]. However, the UV-visible spectrum of 3-hydroxy 2-butanone has been reported in only one 
study which is the subject of a forthcoming publication [23].  
 
As seen in Figure 3, ketones show an absorption band between 250 and 290 nm with low absorption 
(typically 10-20 cm2 molecule-1). The high cross-sections (10-19 cm2molecule-1) below 220 nm could be 
attributed to the presence of the hydroxyl group. The comparison exhibits a dependence of the maximum 
absorption band position on the molecule size where a shifting to shorter wavelength for large aliphatic 
ketones has been observed [22].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. comparison of the absorption cross-sections at 298 K (a) for Hydroxyacetone obtained by Messadia et al, 2011 [23] and the 
spectrum of acetone reported by reference [24]; (b) for 3-hydroxy 2-butanone at 298 K obtained by Messadia et al, 2011 [23]  with 
the spectrum of 2- butanone  reported by reference [25]  
 
The importance of photolysis as loss process of ketones compared to other gas phase processes in the 
atmosphere is discussed below. 
 
3. Tropospheric lifetimes 
The global lifetime is one of the key factors that determine the environmental impact of a source gas 
emitted to the atmosphere. Depending on the lifetime and properties of a pollutant, it can be transported 
on scales ranging from the street level to the global scale. A precise and accurate laboratory determination 
of the rate coefficient for the reaction of an air pollutant with the atmospheric oxidants is the first step in 
the evaluation of its tropospheric lifetime. The lifetime due to chemical reactions and solar photolysis 
is given by: 
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33 111111 OClNOOHpJ where i  is the lifetime due to the reaction with a 
photooxidant i (OH, NO3, Cl, O3), Jp =  ( )  ( ) I( ) d  is averaged photodissociation rate 
coefficients with  ( )  the absorption cross-section at wavelength  (cm2 molecule-1),  ( ) the primary 
quantum yield for photodissociation at wavelength , and I( ) the actinic flux of solar radiation at 
wavelength  (photons cm-2 s-1).  
In Table 3 are summarized the calculated lifetimes of the selected ketones with respect to the 
different degradation pathways using rate coefficients available in the literature and assuming a 24-h 
average OH concentration of 1.0 106 molecules cm-3, a 24-h average NO3 concentration of 2.5  108 
molecules cm-3 [26], a Cl concentration of 1  105 molecules cm-3 (in coastal and marine areas) [8] and a 
24-h average O3 concentration of 7 1011 molecules cm-3 [27]. The photolysis rate of acetone used here is 
reported by Yujing el al, 2000 [22]. Those of 2-butanone and hydroxyacetone were calculated by using 
the upper limits of the quantum yields  ( ) of 0.34 and 0.6 respectively [6]. For 3-hydroxy 2-butanone, Jp 
value was calculated assuming  ( ) = 1 at all wavelengths since no data on the primary photolysis 
quantum yield is available for this compound. In these conditions, Jp represents the upper limit of the 
photodissociation rate coefficient and the deduced lifetime represents lower limits of this compound.  It is 
important to note that the analysis above neglects any heterogeneous loss process for the selected ketones, 
especially dry deposition which is a significant loss process for ketones. 
 
Table 3. Photodissociation rate coefficients Jp and the estimated tropospheric lifetimes of acetone, 2-butanone, hydroxyacetone and 
3-hydroxy 2-butanone in the gas phase with respect to photolysis and their chemical degradation .  
 
 
 (a) reference [23], (b) value calculated by using the rate coefficient reported by reference [6], (c)value calculated by using the rate 
coefficient reported by reference [28], (d) reference [30]  
 
The combination of photolysis and chemical degradation leads to an estimated total lifetimes in the  
lower troposphere of about 10 and 1.5 days for acetone and 2-butanone respectively, time enough for 
these species to be transported to remote regions of the troposphere. The presence of hydroxyl group 
seems to slightly increase the degradation of ketones where estimated total lifetimes of about 1 and 0.7 
day for hydroxyacetone and 3-hydroxy 2-butanone are calculated respectively. At higher altitude, the 
photolysis could be of importance even with quantum yields smaller than unity as it was reported for 
acetone by reference [19].  
 
 The calculations of Jp were made over the spectral range 290-340 nm under the following conditions: at 10 a.m of July 1st, 
cloudless, at sea level and at latitude of 40° N. The data of the actinic flux at the Earth’s surface and zenith angle  = 30° for July 1st 
are taken from Dermerjian et al., 1980 [29].  
 
 
Compound Jp(s
-1) 
 
 photolyse 
 
 OH  NO3  Cl  O3 
CH3C(O)CH3 0.59  10-6 > 19 d 32 d(b) > 2 yr(b) 55 d(b) / 
CH3C(O)C2H5 3.56  10-6 > 3.2 d 5.2 d(b) / 2.9 d(b) / 
CH3C(O)CH2OH 3.13  10-6(a) > 3.7 d > 3.8 d(c) / > 2 d (c) / 
CH3C(O)CH(OH)CH3  5.43  10-6(a) > 2 d 1.1 d (d) 71 d (d) / > 150d (d) 
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4. ketones Laser Induced Fluorescence 
Besides their important atmospheric role, ketones are widely used as tracers for quantitative 
measurements of fuels concentrations by using the Induced Laser Fluorescence (LIF) technique [31] due 
to their low cost and high vapour pressure. It is well known that the safe and reliable operation of 
combustion devices depends to a large degree on the exact control of the air–fuel mixing process prior to 
ignition. Therefore, quantitative measurement techniques that characterize the state of the unburned gas 
mixture are crucial in modern combustion science. Experimental investigations of the temperature-, 
pressure-, and composition-dependence of the fluorescence signal strength for ketones under well-defined 
conditions have led to the development of a phenomenological model for ketone photophysics. For 
example, the temperature- and pressure-dependence of acetone and 3-pentanone LIF was investigated in 
numerous experiments [3,32,33]. The fluorescence quantum yield was found to decrease with increasing 
temperature with a smaller dependence on excitation wavelength and was shown to depend on the 
pressure and the gas mixture. The strongly temperature-dependent acetone LIF signal, in turn, can be used 
for measuring temperatures. 
5. Conclusion 
In this paper, the removal of acetone by reaction with OH radicals is used as an example of reactions 
involving ketones. A kinetic study using a newly constructed apparatus in our laboratory is presented. The 
value obtained in this work is in good agreement with the recommended value found in the literature with 
a discrepancy of about 7%. The comparison with hydroxyacetone shows that the reactivity is enhanced 
for hydroxycarbonyls due to the presence of the OH group. 
The combination of photolysis and chemical degradation leads to estimate the lifetimes in the lower 
troposphere for four selected ketones. These lifetimes were found to be about 10 and 1.5 days for acetone 
and 2-butanone respectively, time enough for these species to be transported to remote regions of the 
troposphere. The presence of the hydroxyl group seems to slightly increase the degradation of ketones 
where estimated total lifetimes of about 1 and 0.7 day for hydroxyacetone and 3-hydroxy 2-butanone are 
calculated respectively. 
Finally, the studies available in the literature show that the fluorescence quantum yield decreases with 
increasing temperature with a dependence on the pressure and the gas mixture. 
Despite advances in laboratory techniques used to estimate tropospheric lifetimes, part of the wish to 
understand the chemical processes of carbonyl compounds is to study the mechanisms and to determine 
the branching ratios into different channels and their variation with atmospheric conditions. This is 
fundamental for use in atmospheric modeling and to compare the obtained rate constants with theory.  
There are other effects of carbonyl compounds on the chemistry of the troposphere that need to be 
further explored. For example, the role played by ketones and their photolysis in the mid-troposphere still 
need to be evaluated. In this region, one of the likely effects of ketones would be to form peroxy acetyl 
nitrate of a great atmospheric interest. Therefore, to accurately estimate the atmospheric impact of 
ketones, measurements of their photodissociation quantum yields under simulated atmospheric conditions 
are required.  
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